Obesity, a worldwide epidemic, has become a major health burden because it is usually accompanied by an increased risk for insulin resistance, diabetes, hypertension, cardiovascular diseases, and even some kinds of cancer. It also results in associated increases in healthcare expenditures and labor and economic consequences. There are also other fields of medicine and biology where obesity or being overweight play a major role, such as high-altitude illnesses (acute mountain sickness, hypoxic pulmonary hypertension, and chronic mountain sickness), where an increasing relationship among these two morbid statuses has been demonstrated. This association could be rooted in the interactions between obesity-related metabolic alterations and critical ventilation impairments due to obesity, which would aggravate hypobaric hypoxia at high altitudes, leading to hypoxemia, which is a trigger for developing high-altitude diseases. This review examines the current literature to support the idea that obesity or overweight could be major conditioning factors at high altitude.
Introduction
Obesity, as a consequence of nutritional transitions and particularly the 'westernization' of lifestyles, is a growing epidemic and a public health concern since obesity is usually associated with other serious comorbidities, such as type 2 diabetes mellitus, insulin resistance and ischemic cardiovascular disease [1, 2] . Moreover, obesity is not only a public health problem but also has a serious impact on many human activities. Obese subjects are likely to
High-Altitude Diseases
The partial pressure of oxygen in inspired air falls with increasing elevation above sea level. As a consequence of hypobaric and hypoxic environments, humans at high altitudes develop numerous physiologic responses [5] . When these responses are not sufficient, highaltitude diseases are developed, such as AMS and its serious complications, high-altitude pulmonary edema (HAPE), and high-altitude cerebral edema (HACE), during acute exposure. Chronic mountain sickness (CMS) and HAPH can develop during chronic exposure [3] . Types of exposure to high altitude include acute (days), long-term chronic intermittent (in shifts), and chronic (permanent) exposure.
Acute Exposure to High-Altitude Hypoxia and Acute Mountain Sickness
AMS is a syndrome characterized by headache and is accompanied by nonspecific symptoms, including gastrointestinal complaints (lack of appetite; nausea and vomiting), fatigue, dizziness, and insomnia. It develops more frequently in non-altitude-acclimatized individuals who rapidly ascend to altitudes >2,500 m [6, 7] . The estimated incidence rate ranges from 9% to 75%, depending on the exposure to altitude, and shows a logarithmic trend [8] [9] [10] . AMS is not usually life-threatening, but it can seriously affect quality of health and decrease productivity [11] . In severe cases, AMS can lead to HACE and/or HAPE, both of which are potentially lethal [6, 12] .
As soon as a hypoxic environment is reached by going to a higher altitude, the partial pressure of oxygen (PO 2 ) falls and hypoxemia develops within minutes of arrival. To limit the drop in the arterial oxygen content, cardiac output is increased through sympathetic activation, and alveolar ventilation is increased through the stimulation of peripheral chemoreceptors. The latter determines the success of acclimatization and, subsequently, the presence of any high-altitude diseases. Thus, the ventilatory response to hypoxia is a physiological cornerstone concept, and it depicts a characteristic ventilation pattern at high altitudes [13] .
Recognized risk factors for AMS are the rate of ascent, altitude reached, duration of exposure, and individual susceptibility factors such as exercise habits, being under 50 years of age, ethnicity. and the presence of obesity [6, 14, 15] .
Chronic Intermittent Exposure to High-Altitude Hypoxia
The impact of AMS has been a matter of special concern because it is not only an issue for climbers and tourists but also for an emerging type of altitude exposure that occurs as a consequence of mining and frontier labor, among other activities. This new model has been called long-term chronic intermittent exposure to high-altitude hypoxia (CIH) and has been coined as the 'Chilean miners' model of CIH exposure', which is clearly different from acute (alpinism), altitude training-related, obstructive sleep apnea-related, or chronic (permanent residence) exposure [16] . These activities involve populations commuting in shifts (usually ranging from 7 to 15 days) from low altitude or sea level to high altitude (4,000 m to 4,500 m) during working periods, followed by resting periods at their place of origin over the course of many years. The population experiencing this new kind of exposure, in Chile alone, includes over 250,000 people and is increasing [11] .
The prevalence of benign AMS in the first 2 days of exposure to CIH has been estimated at approximately 20% [16, 17] . However, it has been demonstrated that the prevalence of AMS is even greater and scarcely changes over the time, remaining at up to 50% in a mild form, after 12 years or more spent working in these shifts [11, 15] .
Chronic Hypoxia
At high altitude, native populations and long-term residents develop numerous physiological responses. The most characteristic are an increase in hemoglobin (Hb) concentration and pulmonary arterial pressure (PAP). In severely hypoxic residents, large increases in their Hb concentration and/or PAP may be associated with potentially fatal illnesses, such as CMS and HAPH [18, 19] . Patients with CMS usually have intermittent or permanent cyanosis, venous dilatation in their hands and feet, and a clubbing of the fingers and toes. In the advanced stages of the disease, right-side heart failure secondary to excessive pulmonary hypertension usually appears. In addition to the role played by hypoxia in the etiology of CMS, additional factors may be involved in its development: age, pulmonary dysfunction, and obesity may aggravate the hypoxemia. Blood oxygen desaturation that occurs while sleeping at high altitude is also considered a conditioning factor for the disease [3] .
HAPH occurs in children and adults residing above 2,500 m. It is characterized by a mean PAP of >30 mm Hg or a systolic PAP of >50 mm Hg measured at the altitude of residence, right ventricular hypertrophy, heart failure, and moderate hypoxemia. CMS and HAPH are frequent and potentially fatal chronic hypoxia-related illnesses in high-altitude populations [3] .
To emphasize the size of the population involved, it is worth noting that in South America, three of the four main Andean countries (Bolivia, Colombia, Ecuador, Perú) have their capitals (La Paz, Bogotá, Quito) at high altitude. In the Asian countries of Afghanistan, Bhutan, China, India, Kyrgyzstan and Nepal, up to 45% of their populations live above 2,500 m. In China alone, there are four high plateaus (Qinghai-Tibet, Inner Mongolia, Yun-Gui, and the Yellow Land Plateau) that have a total population of nearly 90 million people. In North America, Mexico and the western US have relatively smaller, but increasing high-altitude populations [4] . It is estimated that up to 5-10% of high-altitude inhabitants may develop CMS or HAPH [3] .
Obesity
Obesity is a serious worldwide problem that involves hundreds of millions of people, according to the World Health Organization (WHO). There will be approximately 2.3 billion overweight people aged 15 years and above and over 700 million obese people worldwide in 2015 [20] . The BMI is used to define obesity. Being overweight is classified as a BMI of 25-29.9 kg/m 2 , and obesity as a BMI over 30 kg/m 2 [21] . BMI appears to be strongly correlated with various metabolic and disease outcomes, although direct measures of body fat and its distribution, such as waist circumference, are better predictors [22, 23] . Several factors contribute to obesity, e.g., genetics, an unhealthy lifestyle (physical inactivity, unhealthy diet), metabolic and environmental factors, socioeconomic status, and psychological issues [24] . Nevertheless, Western dietary patterns and unhealthy lifestyles have been suggested to be the most important factors leading to the widespread increase in obesity throughout all age groups [25, 26] and in people with all kinds of jobs. Ultimately, obesity results from a positive energy balance: when energy intake is greater than energy expenditure. Obesity has become a major health burden because it is usually accompanied by an increased risk for insulin resistance, diabetes, hypertension, cardiovascular diseases, and possibly some kinds of cancer as well as other diseases [27] .
Finally, obesity has a very strong and direct impact on individuals' health, and its associated comorbidities lead to increasing healthcare expenditures and labor absenteeism [28, 29] .
Obesity and Acute Exposure to High Altitude
Obesity and a history of migraines have been shown to be important risk factors for AMS [30] , but the current knowledge about the prevalence of obesity and the associated factors in those working in high-altitude industries is very limited [31, 32] . However, there is growing evidence that obese individuals are more susceptible to developing AMS than non-obese individuals during exposure to high-altitude-induced hypobaric hypoxia [33] . Moreover, despite the methodological limitations of most of these studies (altitude, BMI stratification, type of exposure, and age), which reduce the ability to draw a general conclusion, many relevant studies support the idea that obesity, or being overweight, is an important risk factor for AMS [34, 35] . Honigman et al. [36] also suggested that obese individuals are more susceptible to acute high-altitude hypoxia than subjects with normal body weight.
In fact, subjects who are both lean and have low normal weight (BMI < 22 kg/m 2 ) have been shown to be less susceptible to AMS at 5,150 m than those who are of normal weight or are obese, with AMS incidence rates of 22%, 54%, or 70% [34] . Male trekkers who have suffered from AMS around the Thorong Pass (5,400 m) had significantly higher BMIs than those who did not [37] . Under conditions of simulated hypoxia (3,654 m) in a hypobaric chamber, it has also been demonstrated that obesity predisposes people to AMS [33] . Conversely, there is research suggesting that there is no relationship between AMS and BMI at 5,671 m, probably because the subjects in that study were very fit and trained trekkers [38] .
In general, in studies of AMS development, risk profiling has been mostly focused on the physiological characteristics of an AMS-prone state, such as excessive desaturation under hypobaric conditions, a low ventilatory response to exercise, or variability in nitric oxide metabolism [39, 40] . Therefore, any condition that impairs the above characteristics must be taken into account. Obesity certainly exerts an influence on the ventilatory response, preventing an adequate oxygenation. The main physiopathological mechanisms involved in the impairment of the uptake and management of O 2 in obese individuals include a heightened demand for ventilation, increased work related to breathing, respiratory muscle inefficiency, and diminished respiratory compliance [41, 42] .
Whether obesity is also a high-risk factor for developing HAPE still lacks sufficient evidence [5] . However, the two major theories for the cause of HAPE, exacerbated pulmonary hypertension and/or capillary alterations due to inflammatory mediators [43, 44] , are in line with some pathophysiological effects seen in obese patients regardless of whether or not they are at high altitude. In fact, it has been observed that obese individuals present an obesityhypoventilation syndrome (OHS) accompanied by sleep disturbances, resulting in deep nocturnal oxygen desaturation and periodic apneic breathing [41, 45] even at moderate elevations. This syndrome elicits a severe hypoxemia and severe pulmonary hypertension [46] . A greater degree of alveolar hypoxia at altitude, which is aggravated by obesity, causes a further rise in PAP [47] . In addition, obese patients experience an increased inflammatory state, with the presence of inflammation mediators where increased levels of interleukin 6 have been described, along with other cytokines [48] . The above conditions are at the core of the current understanding of HAPE pathophysiology [44] . Therefore, the above mentioned factors are highly suggestive of a link between not only obesity and AMS but also between obesity and the development of HAPE.
Obesity and Chronic Intermittent Exposure to High-Altitude Hypoxia
Despite the fact that some studies suggest that exposure to CIH at moderate altitudes might be considered as a mean to lose body mass and improve metabolic risk factors [48] [49] [50] or that it has other beneficial effects [51] , this condition (long-term CIH at high altitude) is a rather novel biological situation, and, for this reason, it is not fully and comprehensively understood or studied. Additionally, it is currently thought that the CIH model shares both exposure conditions: subjects experience acute exposure during the first days at high altitude and chronic exposure for extended periods of time [11, 16] .
Contrary to current knowledge and concepts about lower BMIs being more prevalent in those experiencing acute or chronic exposure, recent available studies describe higher BMI values being prevalent in working populations exposed to CIH. A recent study examining shifts over 15 days from the Kyrgyz at altitudes of 3,800-4,500 m demonstrated that obesity and overweight are common in workers in the high-altitude mining industry exposed to CIH [52] . Similarly, a high prevalence of increased BMIs was described in a previous study of soldiers working at 3,550 m (shifts, 5 × 2 days) [11] and in 76 young recruits during a followup at the same altitude [53] . These findings support the idea that this condition is fairly different than other types of CIH exposure, as mentioned above, at least in regard to its metabolic features.
Likewise, in lowlanders who migrated to an altitude of 3,500 m, those subjects with a higher BMI were more prone to have bad responses to hypoxia, highlighting that a higher BMI might be a risk factor for poor high-altitude acclimatization [54] . Additionally, during longer CIH shifts (months) at altitudes between 4,630 and 4,905 m, subjects with a BMI > 28 kg/m 2 had a higher PAP ( ∼ 31 mm Hg) than those with a BMI of 22-24 kg/m 2 ( ∼ 22 mm Hg). Moreover, obese subjects were three times more susceptible to AMS than those with a normal BMI (97% vs. 37%) [55] . Further support comes from Yang et al. [35] , who demonstrated a positive correlation of a high BMI with the incidence of AMS at 3,658 m.
It is controversial whether other metabolic alterations associated with obesity, such as insulin resistance and type 2 diabetes mellitus, are affected by hypoxia. It has been noted that in subjects permanently residing at a high altitude, there is a decrease in obesity and a better regulation of glycemia [56] . However, there is recent evidence that under this condition, obese individuals maintain their sea-level insulin resistance and that it could even increase [53] , a phenomenon also described for obstructive sleep apnea in humans and experimental animal models [57, 58] . Most likely, this would affect only a certain group of individuals who would attain a susceptible metabolic disorder status, including obesity or overweight, but further studies are needed to confirm this hypothesis.
Obesity and Chronic Exposure to High Altitude
Despite the fact that initial epidemiological studies in residents of the Peruvian Andes reported obesity or metabolic syndrome as being rare at high altitude [59] , recent evidence shows a sort of 'transitional pattern' [60] and links BMI to altitude-related illness. The most recent reports on long-term high-altitude residents have shown increases in cardiometabolic risks (metabolic syndrome), where a higher BMI is associated with lower oxygen saturation [61] . In concordance with this, it has also been demonstrated that a strong association exists between being overweight or having metabolic syndrome and excessive erythrocytosis (CMS) [62] . They have also found a larger prevalence of obesity and metabolic syndrome than previously reported.
To reconcile these contradictory findings, it must be remembered that the first reports considered a population with a different social and economic status that was from an agricultural society, whereas currently this society has suffered a 'westernization process' in order to catch up with the country's modernization and economic development. This has resulted in a remarkable change in lifestyles.
Interestingly, BMI, waist circumference, and waist-to-height ratio decrease with increasing altitude in Himalayan Tibetans, likely due to environmental conditions such as low temperatures and low oxygen levels, which could have a direct catabolic effect. Nevertheless, this finding is highly suggestive of genetic adaptations [63] , as has been demonstrated for Hb genes [64] .
Regarding HAPH, it has been reported that native subjects at altitudes between 4,630 and 4,905 m with a high BMI have a higher PAP ( ∼ 31 mm Hg) than those with a normal BMI [55] .
Obesity and Respiratory Impairment
An important respiratory abnormality in obesity is a decrease in total respiratory system compliance. The resulting decrease in chest wall compliance is associated with the obese individual's accumulation of fat in and around the ribs, the diaphragm, and the abdomen [65] . As BMI increases (particularly in morbidly obese individuals), there is evidence of a reduction in expiratory flow and a decrease in forced expiratory volume in 1 s (FEV 1 ) and forced vital capacity (FVC) [66] . The pattern of body fat distribution may also exert an influence on lung function [67] . Another study showed that a higher ratio of the abdominal circumference to hip circumference and higher subscapular skinfold thickness were negatively associated with FEV 1 and FVC [68] . This latter finding suggests that central abdominal obesity has a greater impact on spirometric measures than back or lower body obesity.
In obese subjects, the sensation of dyspnea might come from an increase in the work required to breath to overcome the decrease in pulmonary compliance and the increase in resistance. Airway obstruction at low lung volumes may also stimulate flow receptors to increase the sensation of breathlessness [69 , 70] . Patients with obesity commonly develop OHS accompanied by sleep disturbances, resulting in deep nocturnal oxygen desaturation and periodic apneic breathing. The final result is increased hypoxemia, pulmonary hypertension, and a progressively worsening disability [41] . The same phenomena have been reported for overweight subjects [6, 70] . Interestingly, moderately obese subjects have a rather increased chemosensitivity to hypoxia and hypercapnia when compared with normal-weight subjects, but they are not able to increase their alveolar pO 2 [45] .
Hypoxia and Adipose Tissue
Perhaps, one of the most challenging issues in obesity is the role of adipose tissue as an 'organ' when its function is impaired by reduced blood supply, either internally or due to an external cause (hypoxic or hypobaric hypoxia), which has prompted an interesting and promising debate. Adipose tissue dysfunction is accompanied by insulin resistance, impaired adipose tissue capillarization, and higher adipose tissue gene expression of inflammatory cell markers, although relative hyperoxia does not modify these effects [71] . However, the same authors have demonstrated that exposing rats to mild hypoxic conditions ameliorates and even improves these alterations, concluding that metabolic responses to hypoxia are tightly linked to the severity, pattern, and duration of hypoxia exposure [72] .
Although it seems clear that obesity and overweight, according to current knowledge, exert their most deleterious effects by aggravating hypoxemia at high altitude, thereby triggering the development of high altitude illnesses [5, 61] , it is thus far not known how adipose tissue function and severe high-altitude hypoxemia interact. Further studies are required to further investigate this interaction.
Conclusion
Obesity and overweight pose big challenges for people going to moderate or high altitude, independent of the kind of exposure. Their functional and metabolic effects compromise proper acclimatization and contribute to the development of altitude-induced diseases, such as AMS and its more severe forms HAPH and CMS. Therefore, both overweight and obesity should be considered as conditioning factors, which in turn are modifiable.
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